Recently, a novel technology for noninvasive deep brain stimulation (NDBS) with temporally interfering electric fields was developed. This noninvasive technology is able to perform one-point temporal interference (TI) stimulation and stimulates the hippocampus without affecting the overlying cortex in mice. In this study, we introduce the concept of multi-point temporal interference (MTI) stimulation, which can simultaneously stimulate multiple nodes in the brain network to modulate its function. For the sake of realizing MTI stimulation, we proposed the scheme with each electrode carrying different frequency currents, which has higher usability with respect to the scheme by adding more electrode pairs. Additionally, to optimize the MTI stimulation, we selected the proper current frequencies and amplitudes, which were verified by geometrical model, magnetic resonance imaging (MRI) human head model, and tissue phantom. Finally, we tested the independence between the two stimulation points in MTI stimulation. The MTI stimulation can be generated by our method with proper parameters in geometrical model, MRI human head model, and tissue phantom. The stimulation points in MTI stimulation are all steerable, and furthermore can be controlled independently. Our results suggest that MTI stimulation can be used to simultaneously stimulate multiple target nodes of the brain network in deep brain areas noninvasively, which paves the way for the modulation of the brain in research and clinical neurobiology.
I. INTRODUCTION
Electrical brain stimulation is a form of electrotherapy and is a technique used in research and clinical neurobiology to stimulate a neuron or neural network in the brain [1] . Currently, several methods of this technology are widely used in the treatment of brain disorders [2] . Noninvasive electrical brain stimulation mainly involves two methods: transcranial direct current stimulation (tDCS) and transcranial alternating current stimulation (tACS). tDCS uses a constant, low direct current that is delivered by electrodes on the scalp [3] . It has shown the potential to modulate neurodegenerative diseases, such as Alzheimer's disease (AD) [4] , Hence, it is necessary to develop the novel electrical stimulation technology.
Recent studies developed a novel temporal interference (TI) stimulation, which offered noninvasive deep brain stimulation (NDBS) in mice with the ''beat frequency'' coming from two similar transcranial high frequency current stimulations. TI stimulation is based on the assumption that neurons do not respond to high-frequency current stimulation, while neurons are responsive to the envelope of the interference current, which causes low-frequency stimulation in the deep brain areas [21] . TI stimulation was verified by using c-fos labeling, which is an indirect marker of neuronal activity, which demonstrated that TI stimulation is able to selectively activate the hippocampus. Thus, the one-point TI stimulation was systematically achieved with two electrode pairs, which offers a promising approach to NDBS because of its advantages, such as relative safety, noninvasiveness, low-cost and portability [22] .
TI stimulation involves one stimulation point, which limits its application in the modulation of multiple nodes of brain network. Brain networks, which form the bases of the function of brain, sometimes contain several nodes [23] , in which the activity of each node contributes to modulate the function of the brain network, like default mode network (DMN) [24] - [26] . Furthermore, some brain networks involve nodes of the deep brain, such as the hippocampus in memory network [27] . Thus, it is potentially advantageous to develop novel technologies that are able to simultaneously stimulate and activate several target nodes of the deep brain to modulate the function of the brain network.
Previous studies used two electrode pairs to generate one stimulation point in TI stimulation [22] . Following this approach, 4 electrode pairs (4 currents) are needed to generate two-point TI stimulation, which is inconvenient in the clinic. Using multiple electrode pairs in an actual experiment may cost more time to arrange them by operators. Furthermore, the operators need to pay more attention to ensure the connection of each electrode. Hence, it is important to develop multiple stimulation points in TI stimulation without increasing electrode pairs or by increasing few electrode pairs.
In this paper, we introduce the concept of multi-point temporal interference (MTI) stimulation, which is a new kind of brain stimulation technique that is specialized in simultaneously stimulating the multiple nodes of the brain network in deep brain areas. Specifically, we generate MTI stimulation without increasing the number of electrode pairs by using each electrode to carry different frequency currents, in which we select the proper current frequencies to minimize the frequency multiplier interference and select the proper current amplitudes to ensure the equal strength of each stimulation point. To verify MTI stimulation, we present a framework that includes the following steps. First, we put forward MTI stimulation and optimized the stimulation current frequencies and amplitudes in this method in order to offer proper parameters for our study. Next, we verified MTI stimulation with geometrical model, magnetic resonance imaging (MRI) human head model. Then, we designed the stimulator and verified the MTI stimulation with tissue phantom. Finally, we demonstrated that the stimulation points of MTI stimulation are steerable and independent.
II. MATERIALS AND METHODS

A. THE METHOD OF MTI STIMULATION
The electrodes were arranged in a rectangular geometry as in Figure 1 [22] . One kilohertz alternating current (in the black electrode pair) was used to interfere with 1.01 kHz alternating current (in the gray electrode pair) to generate one stimulation point (10 Hz envelope-modulated electric field). Ten kilohertz alternating current (in the black electrode pair) was used to interfere with 10.01 kHz alternating current (in the gray electrode pair) to generate another stimulation point (10 Hz envelope-modulated electric field). Each current was supplied by a balanced pair of current sources that were driven in precisely opposite phases (180 • ) to isolate the channels and decrease the cross-talk, which is a technique called anti-phasic current drive [22] . The aforementioned parameters were chosen according to our experiment results to minimize the frequency multiplier interference. The details are provided in the Materials and Methods and Discussion sections. Based on those theoretical analyses, this study was executed following the procedures in Figure 2 .
FIGURE 1. Multi-point Temporal Interference Stimulation in Deep Brain
Areas. Two electrode pairs on the surface of the head concurrently deliver electric currents with different frequencies (1 kHz, 1.01 kHz; 10 kHz, 10.01 kHz). The 1 kHz alternating current (0.4 mA, in the black electrode pair) is used to interfere with 1.01 kHz alternating current (1.6 mA, in the gray electrode pair) to generate one stimulation point (10 Hz envelope modulated electric field). The 10 kHz alternating current (1.6 mA, in the black electrode pair) is used to interfere with 10.01 kHz alternating current (0.4 mA, in the gray electrode pair) to generate another stimulation point (10 Hz envelope modulated electric field).
The frequency multiplier interference of currents in MTI stimulation was tested by MATLAB (R2016a, The Math-Works, Inc.). The 1.01 kHz sinusoidal wave was added with 2 kHz to test the frequency multiplier interference envelope in MATLAB. The 1.01 kHz sinusoidal wave was also added with 1 kHz to test the whole wave envelope (10 Hz). Next, the actual MTI stimulation waveform was simulated with the sinusoidal waves (1 kHz, 0.2 unit amplitude; 1.01 kHz, 0.8 unit amplitude; 2 kHz, 0.8 unit amplitude; 2.01 kHz, 0.2 unit amplitude) to verify the distortion in the envelope induced by frequency multiplier interference. Finally, the interferences between the 1.01 kHz sinusoidal wave (amplitude = 1) and the n kHz (n = 2, 3, 4, 5, 6, 7, 8, 9, 10) sinusoidal waves (amplitude = 1) were also simulated. Specifically, the 1.01 kHz sinusoidal wave was added with the n kHz sinusoidal wave to calculate the amplitude ratio of the frequency multiplier envelope with respective to the whole wave envelope.
B. SIMULATION OF MTI STIMULATION IN COMPUTATIONAL MODELING 1) SIMULATION IN GEOMETRICAL MODEL WITH COMSOL
COMSOL Multiphysics 5.3 was used to simulate the electromagnetic field with a ''stationary current'' solver, which was a real valued quasi-electrostatic finite element method (FEM) solver for the ohmic current-dominated regime. The simulation solved the equation ∇σ ∇ϕ = 0, where σ is the local electrical conductivity and ϕ is the electric potential from which the electric field and the current density can be obtained as E = −∇ϕ and j = σ · E, respectively. The solver was suitable for the frequencies used in our experiments. The tissue properties were assigned following the IT'IS Foundation database of tissue properties [21] . The same conductivity values were assigned to all frequencies. The simulations were performed with the Dirichlet boundary conditions at active electrodes.
In the cylindrical modeling, a cylinder (50 mm diameter and 10 mm height) was built and was filled with saline (σ = 0.333 S/m). Four 1-mm diameter silver wire electrodes (σ = 6 × 10 7 S/m) were symmetrically mounted along the circumference of the phantom (i.e., an interelectrode central angle was 22.5 • ). The simulations were executed by taking the electrode configuration of Figure 1 [22] . MTI stimulation was simulated in 3 cases with the ratio of currents across the black versus gray (gray versus black) electrode pairs from 1:1 to 1:2 and 1:4 in 1 kHz (10 kHz), holding the sum at 2 mA for 1 kHz and 10 kHz separately. The parameters of each simulation are displayed in Table 1 . The anti-phasic current drive technique was also used in this section.
In the spherical modeling, a sphere (50 mm diameter) was built. The inhomogeneous (4-layer) model consisted of a scalp (d = 0.05 R, σ = 0.333 S/m), skull (d = 0.085 R, σ = 0.0083 S/m), cerebrospinal fluid (d = 0.023 R, σ = 1.79 S/m) and brain (d = 0.842 R, σ = 0 : 333 S/m) layers, where d was the layer thickness normalized to the overall sphere's radius R [22] , [28] . Four 1-mm diameter silver wire electrodes (σ = 6 × 10 7 S/m) were symmetrically mounted along the circumference of the phantom (i.e., an interelectrode central angle was 22.5 • ) in the plane. The MTI stimulation was simulated in 3 cases with the ratio of currents across the black versus gray (gray versus black) electrodes from 1:1 to 1:2 and 1:4 for 1 kHz (10 kHz). The parameters of each simulation are displayed in Table 1 . The anti-phase method was used as in the cylindrical modeling.
After the voltage in the modeling sustained in continuous time, the electric field of every spot was sampled in a matrix array with a 0.5 mm distance between each spot. Then, the low frequency envelopes (the peak-to-peak values) of the electric field in the X-direction and Y-direction ( Fig. 6 ) were obtained and plotted by MATLAB.
2) INDEPENDENCE OF STIMULATION POINTS IN MTI STIMULATION
The cylindrical modeling was also used to test the independence of the two stimulation points with the method used in the electromagnetic finite element method simulation. The specific parameters are displayed in Table 2 .
3) SIMULATING MTI STIMULATION IN MRI HUMAN HEAD MODEL
One high-resolution computational head model was reconstructed from human subject. The subject was a 60-year-old Chinese male. T1-weighted MRI scans of the subject was obtained from Chinese PLA General Hospital. The scan was sagittal-oriented with voxel resolution of 1 mm × 1 mm × 1 mm. The human model was reconstructed with this MRI data. Thus, tissue compartments including skin, skull, cerebrospinal fluid (CSF), and brain were generated from the MRI data. The conductive of each tissue was set as in the Simulation in Geometrical Model with COMSOL. Four cylinder electrodes (r = 5 mm, h = 5 mm,) was placed on the skin. The coordinate of each electrode was show in Table 3 . The parameters of simulation were same with that in Simulation in Geometrical Model with COMSOL. The simulation and data processing method were similar with that in Simulation in Geometrical Model with COMSOL.
C. DESIGNING THE MTI STIMULATOR
A multi-point temporal interference (MTI) stimulator was designed to verify the MTI stimulation with tissue phantom. The two alternating currents (∼kHz) in this device, consisting of four electrically isolated current sources, were generated by using the anti-phasic current drive technique. In the MTI stimulation measurement experiment, the GND of two MTI stimulators were connected, and the POWERS of the two MTI stimulators were also connected. Then, four currents (1 kHz and 1.01 kHz; 10 kHz and 10.01 kHz) were generated with those devices.
D. PHANTOM ELECTRIC FIELD MEASUREMENTS 1) PHANTOM CONSTRUCTION
A tissue phantom with a 50-mm diameter petri dish was constructed by 3-dimension (3D) printing. Two pairs of 1-mm diameter silver electrodes were symmetrically mounted on the edge of the petri dish. The spacing of one electrode pair was 9.8 mm (an interelectrode central angle was 22.5 • ). The electrodes were connected to the MTI stimulator. The phantom was filled with sodium chloride solution. The salt concentration was adjusted until the interelectrode impedance between two opposite electrodes was ∼3 k at 1 kHz and 1 mA alternating current. Using the anti-phase method, MTI stimulation in 3 cases was executed with the ratio of currents across the black versus gray (gray versus black) electrodes from 1:1 to 1:2 and 1:4 at 1 kHz (10 kHz).
For experimentally measuring the electric field in a tissue phantom with different frequency currents (1 kHz and 1.01 kHz; 10 kHz and 10.01 kHz), the impedance of the sodium chloride solution between two opposite electrodes was tested in each frequency, which offered the reference data to MTI stimulation. According to those results, the proper current amplitudes in each frequency were set to compensate the variance of impedance to generate the same strength of the electric field in two peak envelope modulations. Specifically, to separately generate same electric field strength in 1 kHz and 10 kHz, we used the different current strength in 1 kHz and 10 kHz to ensure generally same product of impendence and current. The parameters for each case are displayed in Table 4 .
2) ELECTRIC FIELD MEASUREMENT
The electric field was measured with two orthogonal 3.6 mmspaced dipole electrodes that were constructed from medical stainless-steel needle electrodes. The location of the probe was adjusted across a 35 mm × 35 mm matrix with 5.8 mm steps using a stereotaxic instrument (StereoDrive, Neurostar). The signal from each dipole electrode was fed into two separate ultra-high input impedance differential buffer amplifiers, and then the outputs of these amplifiers were differentially fed into lock-in amplifiers (ADA4522_2ARZ, ADI) before being recorded by a Cerebus acquisition system (I2S Micro Implantable Systems, LLC). The measurements at each location were averaged four times to reduce the noise. For the electric field maps, the interp2 function in MATLAB was used to linearly interpolate (with interpolation factor 4) the measurement points.
III. RESULT A. FREQUENCY MULTIPLIER INTERFERENCE
The 1.01 kHz sinusoidal wave interfered with the 1 kHz sinusoidal wave, thereby generating the 10 Hz envelope (the whole wave envelope). In addition, the frequency multiplier interference envelopes and the distortion induced by them were tested. The 1.01 kHz sinusoidal wave interfered with the 2 kHz sinusoidal wave, thereby generating the 20 Hz frequency multiplier interference envelope (Fig. 3A) . In the actual MTI stimulation, the frequency multiplier interference envelope greatly distorted the 10 Hz envelope (Fig. 3B) . The amplitude ratio of the frequency multiplier envelope with respective to the whole wave envelope decreases as the high-frequency (n kHz, n = 2, 3, 4, 5, 6, 7, 8, 9, 10) is increased (Fig. 3C) .
B. THE MTI STIMULATOR
The MTI Stimulator and the diagram of its currents was shown in Figure 4 .
C. MTI STIMULATION IN GEOMETRICAL MODEL AND TISSUE PHANTOM
In our experiments, the impedance of the sodium chloride solution decreased as the current frequency increased. Specifically, the impedance of sodium chloride solution in 1 kHz alternating current was 1.55 times that of the impedance of sodium chloride solution in the 10 kHz alternating current ( Figure 5 ). According to those results, the tissue phantom experiments used currents with the sum of 2 mA at 1 kHz and currents with the sum of 3.1 mA at 10 kHz, with 1.55 times the current strength of 1 kHz, to generate the same strength of the electric field in the two peak envelope modulations (Table 4) .
Then, MTI stimulation was verified with cylindrical computational modeling by taking the electrode configuration shown in Figure 6A and adjusting the ratio of the currents across the black versus gray (gray versus black) electrode pairs from 1:1 (Fig. 6A) to 1:2 (Fig. 6B ) and 1:4 ( Fig. 6C ) at 1 kHz (10 kHz). In the computational modeling of the 1:1 case, both the peak envelope modulations of the 1 kHz and 10 kHz located at the center of the modeling, in the Y-direction, presented a signal stimulation point (Fig. 6Ai ). The electric field in the X-direction did not show a significant stimulation point (Fig. 6Aii ). In the computational modeling of the 1:2 case, the peak envelope modulation of the 1 kHz and 10 kHz symmetrically moved closer to the electrode VOLUME 7, 2019 pair with the lower current in their own frequency, with the peak moving 13% of the radius away from the center in the Y-direction (Fig. 6Bi ). The electric field in the X-direction did not show significant stimulation points (Fig. 6Bii ). In the computational modeling of the 1:4 case, the peak envelope modulation of the 1 kHz and 10 kHz symmetrically moved closer to the electrode pair with the lower current in their own frequency, with the peak moving 35% of the radius away from the center in the Y-direction (Fig. 6Ci ). The electric field in the X-direction did not show significant stimulation points (Fig. 6ii ).
In the tissue phantom experiment, the electric field matched the results of the computational modeling in each case ( Fig. 6Aiii -iv, 6Biii-iv, 6Ciii-iv). In addition, long lines cutting through the simulated (lines) and experimental (dots) results were plotted, which showed the details of the interferential electric field envelope amplitudes in the Y-direction (Fig. 6Av, 6Bv, 6Cv ) and in the X-direction ( Fig. 6Avi, 6Bvi, 6Cvi) . The exact coordinates of the electrodes and numerical values of the peak envelope modulation amplitude and location are shown in Table 5 .
MTI stimulation was also verified with spherical computational modeling by taking the electrode configuration of Figure 7A . The electric field (Fig. 7A, 7B, 7C ) matched the results in cylindrical computational modeling (Fig. 6A, 6B, 6C ).
D. THE INDEPENDENCE OF THE STIMULATION POINTS IN MTI STIMULATION
In the computational modeling, the peak envelope modulation for 1 kHz moved closer to the electrode pair with the lower current in its frequency, while the peak envelope modulation for 10 kHz was located at the center of the modeling in the Y-direction (Fig. 8A) . Furthermore, the electric field in the X-direction did not show a significant stimulation point (Fig. 8B ).
E. MTI STIMULATION IN MRI HUMAN HEAD MODEL
MTI stimulation was verified with MRI human head model by taking the electrode configuration shown in Figure 9D and adjusting the ratio of the currents across the black versus gray (gray versus black) electrode pairs from 1:1 (Fig. 9A ) to 1:2 ( Fig. 9B ) and 1:4 ( Fig. 9C ) at 1 kHz (10 kHz). In the MRI human head model of the 1:1 case, both the peak envelope modulations of the 1 kHz and 10 kHz located at the center of the modeling, in the Y-direction, presented a signal stimulation point (Fig. 9Ai ). The electric field in the X-direction did not show a significant stimulation point (Fig. 9Aii ). In the MRI human head model of the 1:2 case, the peak envelope modulation of the 1 kHz and 10 kHz symmetrically moved closer to the electrode pair with the lower current in their own frequency (Fig. 9Bi ). The electric field in the X-direction did not show significant stimulation points (Fig. 9Bii ). In the MRI human head model of the 1:4 case, the peak envelope modulation of the 1 kHz and 10 kHz symmetrically moved closer to the electrode pair with the lower current in their own frequency (Fig. 9Ci ). The electric field in the X-direction did not show significant stimulation points (Fig. 9ii ). Additionally, given the brain is inhomogeneous, the stimulation point of MTI stimulation is irregular.
IV. DISCUSSION
A. THE ADVANTAGES OF MTI STIMULATION WITHOUT INCREASING THE NUMBER OF ELECTRODE PAIRS
MTI stimulation using fewer electrode pairs was advantageous. Four electrode pairs were needed to generate two-point TIS with the method described by Grossman [22] . However, two-point TIS can be achieved with two electrode pairs by using each electrode to carry different FIGURE 6. MTI Stimulation with Computational Modeling and Tissue Phantom in a Cylinder. For each condition (A)-(C), the interferential electric field envelope modulation (projected along: i, Y-direction, ii, X-direction) is simulated with the computational modeling containing electrodes at the locations indicated by the rectangles, passing the currents described in Table 1 . These two amplitudes (iii, Y-direction, iv, X-direction) are also experimentally measured in a tissue phantom with the anti-phase method, in which the currents are described in Table 4 . For the exact coordinates of the electrodes and the numerical values of the peak envelope modulation amplitude and location, see Table 5 . Finally, a long line cuts through the simulated (lines) and experimental (dots) datasets, and the interferential electric field envelope amplitudes for the Y-direction (v) and the X-direction (vi) are plotted. current frequencies. MTI stimulation can be achieved using our method to generate two stimulation points by using fewer electrode pairs, which paved the way for the development of MTI stimulation. It was convenient to use fewer electrode pairs in MTI stimulation in the clinic to save the operation time. Furthermore, the operators did not need to pay much attention to ensure the connection of each electrode.
B. MAIN PROCEDURES AND RESULTS
In this study, we presented MTI stimulation, which involved two stimulation points, by using each electrode to carry different frequency currents without increasing the number of the electrode pairs, and verified it with geometrical model, MRI human head model, and tissue phantom. We executed this study with the following procedures and obtained these results: (1) We tested the frequency multiplier interference to offer the proper parameters for MTI stimulation.
(2) We designed the MTI stimulator with the anti-phasic current drive technique to decrease the cross-talk at the terminals.
(3) We simulated the MTI stimulation in cylindrical modeling with the parameters shown in Table 1 . For the variation of the impedance of actual sodium chloride solution in each current frequency, we also tested the impedance-current frequency characteristics of the sodium chloride solution and offered the parameter reference for the tissue phantom tests. With those results, we verified MTI stimulation in the tissue phantom with the parameters shown in Table 4 . Its results consisted with the results of simulation in geometrical modeling. Spherical modeling was also used to verify MTI stimulation. (4) We used cylindrical modeling to demonstrate the independence of the two stimulation points in MTI stimulation. (5) The MRI human head model was used to preliminarily explore the feasibility of MTI stimulation in human head.
C. THE SELECTION OF CURRENT FREQUENCIES
In MTI stimulation, the proper current frequencies were selected to minimize the distortion of the envelope led by the frequency multiplier interference. Actually, in each case, the frequency multiplier of the low frequency wave, which was similar with that of the high frequency wave, interfered with the high frequency wave and generated the non-aim envelope, distorting the aim envelope. Fortunately, as the differential frequency between the low frequency wave and the high frequency wave increased, the amplitude of the non-aim envelope decreased. Therefore, in MTI stimulation, currents with a large frequency difference were utilized to minimize the distortion induced by the frequency multiplier interference. In addition, it was impossible to use extremely high frequency currents to avoid the frequency multiplier interference because the electric impedance of the brain tissue decreased as the current frequency increased [21] , [29] . In the pre-experiment of the saline medium (sodium chloride solution), 3.1 mA current was needed at 10 kHz to generate the same electric field strength of 2 mA current at 1 kHz. In the clinical experiment, the higher frequency (>25 kHz) currents may need stronger current strength that may damage the patients. Therefore, it was important to carefully select the proper current frequencies in MTI stimulation.
D. THE SELECTION OF CURRENT AMPLITUDES
The importance of the current amplitudes in MTI stimulation was investigated. Our results suggested that the impedance of sodium chloride solution decreased as the current frequency increased, which was consistent with the data on brain tissue from the IT'IS Foundation database [21] . This property of sodium chloride solution or tissue [30] accounts for the decrease in the electric field strength in high frequency current stimulation. In addition, our results that higher-frequency current stimulation in in vivo experiment requires stronger current strength are similar with those in the Grossman's experiments [22] . However, the mechanism of those phenomena is not completely understood. Thus, the current amplitudes and frequencies should be carefully considered to create an equal electric field strength in each stimulation point in in vivo experiments of MTI stimulation.
E. THE STEERABILITY AND INDEPENDENCE OF STIMULATION POINTS IN MTI STIMULATION
The stimulation points are steerable and independent. In our study, the stimulation point moved closer to the electrode pair with a lower current strength when the ratio of currents across the gray versus black (or black versus gray) electrodes was alternated, which was consistent with the results of Grossman [22] . In addition, the two stimulation points in MTI stimulation can be steered independently. To be specific, through adjusting the current ratio of one given frequency (i.e., 1 kHz and 1.01 kHz), the location of the corresponding stimulation point can be changed independently, instead of affecting the stimulation point formed by other frequency (i.e., 10 kHz and 10.01 kHz). The independence of stimulation points in MTI stimulation is a significant characteristic which benefits the clinical utility requiring multiple stimulation points in the irregular brain areas [31] , [32] .
F. THE POTENTIAL APPLICATION OF MTI STIMULATION IN HUMAN HEAD AND BRAIN NETWORK
Given that the human head is bigger than mouse/rat head, the MTI electric field is weaker in human head. In addition, the stimulation points of MTI stimulation are irregular and have poor spatial resolution for the brain of human is inhomogeneous. Thus, MTI stimulation is supposed to, at present, be applied on the brain diseases being related to the large brain area.
MTI stimulation may have potential advantages in brain network stimulation. Brain networks, the bases of brain activities [33] - [36] , are composed of different nodes, including nodes in deep brain areas [23] , [37] . Thus, MTI stimulation may be used to simultaneously stimulate the multiple nodes, especially in the deep brain, to enhance their activities and modulate the function of their brain networks.
G. FUTURE CONSIDERATIONS
In MTI stimulation, the stimulation points located on the straight line between the two electrode pairs, which might limit the spatial flexibility of the stimulation points. However, the location of the electrode pairs can be altered to locate the stimulation point in the target area. Moreover, for the irregular shape of stimulation points in MTI, it was difficult to pinpoint the brain nodes or areas with irregular shapes [38] . Furthermore, the four-layer MRI-data-driven human head model was utilized to verify MTI in this study, which was simplified and idealized, and thus the more sophisticated computational modeling is needed in the future study. Additionally, the effectiveness of MTI stimulation needs to be proven with animal experiments. In the future study, we may validate MTI stimulation in in vivo experiments (e.g.: mouse).
Given that we cannot exactly detect the impendence of each tissue, we just tested the impendence of tissue phantom (sodium chloride solution) in different current frequencies and general compensated those by utilizing different current strength, in which the rough compensation may reduce the resolution of MTI stimulation points. Thus, we can, in next step, apply MTI in the brain diseases being revaluated with the large brain areas.
V. CONCLUSION
In this study, we proposed a novel concept of MTI stimulation, which is a novel noninvasive technology that can simultaneously stimulate several points in the deep brain areas. We verified MTI stimulation with proper parameters (stimulation current amplitudes and frequencies) in geometrical model, MRI human head model, and tissue phantom. In addition, we proved the steerability and independence of the stimulation points in MTI stimulation. Those results suggest that MTI stimulation may be used to simultaneously stimulate the multiple nodes of the brain network in deep brain areas noninvasively, which paves the way for the modulation of the brain in research and clinical neurobiology.
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